From the health stand-point, atmospheric particulate matter (PM) is regulated through PM 10 and PM 2.5 conventions by the Directive 2008/50/EC. The Directive points out the negative impact on human health due to PM 2.5 and recognizes that no threshold has been identified for such pollutant at which no risk is foreseen for the population. Then, the goal is to pursue a general reduction of PM 2.5 . Traditionally, the analytical techniques used to monitor the PM water-soluble inorganic ionic fraction involve filter-based procedures to collect, process, and analyze samples. Data obtained, while accurate, lack temporal resolution. Time resolution is required on the time-scale of the evolution of the planetary boundary layer to understand the processes that govern transport and transformation of atmospheric aerosol. In this paper, we investigated PM 2.5 nitrite, nitrate, sulfate, chloride, sodium, ammonium, calcium, and magnesium ions using a URG 9000-D aerosol ion monitor with 1-h time-resolution and detection limit of 0.1 µg/m 3 . The gas phase is separated from the aerosol phase with a liquid diffusion parallel-plate denuder. Daily trends of the pollutants measured in downtown Rome are discussed and interpreted with reference to atmospheric conditions.
Introduction
Atmospheric aerosol particles contain a rich population issued sulfate, nitrate and ammonium, organic compounds, crustal species, sea salt, hydrogen ions, and water. From a health standpoint atmospheric particulate matter (PM) is regulated through PM 10 (PM with aerodynamic diameter below 10 µm) and PM 2.5 (PM with aerodynamic diameter below 2.5 µm and called fine fraction) conventions by the Directive 2008/50/EC (1) . The Directive points out the negative impact on human health due to PM 2.5 and recognizes that as of now no threshold has been identified for such pollutant, below which no risk is foreseen for the population. For this reason, the goal of the EU Directive is to pursue a general reduction of PM 2.5 concentrations in urban environments. Measurements in rural environments are also required for comparative purposes on the total mass concentration and the chemical speciation concentrations of PM 2.5 with the determination of SO 4 2-, NO 3 -, Cl -, Na + , K + , NH 4 + , Ca 2 + , Mg 2 + , and of elemental and organic carbon.
Moreover, the Directive recognizes the contribution of natural sources to atmospheric aerosol burden and states that when such contributions can be ascertained and in case exceedances are ascribable to them, they can be subtracted when assessing compliance with air quality limit values.
It is well-known that episodes of coarse dust transport from Sahel towards Europe across the Atlantic Ocean occur in February and March, whereas from the Sahara, it is transported over the Mediterranean basin in summer (2) . As a further natural aerosol source, sea salt, while harmless from a health standpoint, gives an important contribution to PM levels in coastal areas. In this way some government has implemented a derogation guideline for sea salt (3).
Aerosol composition is strongly dependent on its granulometric size: sulphate, ammonium, organic compounds, and some transition metals are mainly present in the fine fraction (PM 2.5 ), whereas crustal material such as Si, Ca, Mg, Al, Fe, and some biogenic compounds (pollen, spores, and vegetal debris) are basically found in the coarse fraction (PM 10-2.5 ) (4). Nitrate is found in two fractions: in PM 2.5 , it is present as ammonium salt, whereas in the coarse fraction it is the reaction product of nitric acid present on larger particles. More than half of the total nitrate is in the coarse mode with Na and chloride and is determined by the reactions of nitric acid with sodium chloride of marine origin or with crustal material. Nitrite and sulfate aerosols are, however, produced as a result of the interaction among ammonia, NO x , SO 2 , and other gaseous constituents.
Traditionally, the analytical techniques used to monitor the water-soluble inorganic ionic fraction of PM involve filter-based procedures to collect, process, and analyze samples. Data obtained, while accurate, lack temporal resolution. Time resolution is required on the time-scale of the evolution of the atmospheric planetary boundary layer to understand the processes that govern transport and transformation of atmospheric aerosol.
In this paper, we applied an automatic methodology for the ionic fraction determination such as Cl -, NO 3 -, NO 2 -, NH 4 + , SO 4 2-, Na + , K + , Mg 2 + , and Ca 2 + in the atmospheric particulate PM 2.5 in an urban area at high human activity. For this purpose, a dedicated tool was used: URG-9000 ambient ion monitor (AIM) equipped with ion detectors, which allows direct measurements with hourly time resolutions of cations, such as ammonium, sodium, calcium, potassium and magnesium, and anions, such as sulfates, nitrates, nitrites, and chloride, in the particulate fraction in PM 2.5 (and gaseous, as well).
Experimental Sampling period and site
The aerosol measurements were carried out at the Pilot Station located in a street canyon in downtown Rome at the ISPESL's building near S. Maggiore Cathedral. The station is characterized by high density of autovehicular traffic and the presence of trees. The measurements were carried out in April-May 2009 at ground level, when the average PM 2.5 level ( Figure 1 ) was about 14 µg/m 3 (5).
Equipment for PM 2.5 ionic fraction analysis
The URG 9000D AIM (Chapel Hill, NC) provides time-resolved direct measurement of the particulate and gases found in PM 2.5 . The AIM separates and analyzes each ion individually by incorporating the proven analysis method of ion chromatography.
In detail, the instrument consists of a particle collection unit and two ion chromatograph analyzers for cation and anion analyses. Atmospheric aerosol is sampled at a flow rate of 3 L/min through a PM 2.5 sharp cut cyclone that separates particles with aerodynamic diameters > 2.5 µm. The air sample is drawn through a liquid diffusion parallel-plate denuder that separates the gas from the aerosol phase. In order to achieve high collection efficiencies, the particle laden air stream enters an aerosol supersaturation chamber to enhance particle growth. The water-soluble components of aerosol and the gas phase, extracted with an hydrogen peroxide solution, are collected by four syringes (particle and gas phases, cation and anion analyses) loaded into pre-concentrators and then injected into the two ICs once an hour ( G-= Anion Gas G+ = Cation Gas sulphonic at a flow rate of 0.5 mL/min, whereas anion analysis is performed in a 27 min gradient elution program (10 min at 10 mM, 10 min from 10 mM to 45 mM, 6 min at 45 mM) with potassium hydroxide at a flow rate of 1.0 mL/min. Table I shows the limit of detection (LOD) for cations and anions investigated in this study. All the LODs for anions are below 0.5 µg/m 3 , whereas for cations only calcium and ammonium ions show LODs above 1 µg/m 3 . These levels are extremely interesting if we consider both the approach used in this study (on-line determination) and the matrix.
Aerodynamic particle sizer
Aerodynamic size distributions of atmospheric aerosol were measured by means of a TSI aerodynamic particle sizer 3321 (APS, TSI Instruments, Shoreview, MN). The APS is based on the correlation of the lag of a particle behind a carrier gas in an accelerating flow field with its aerodynamic diameter (6) (7) (8) . The APS spectrometer measures the time of flight of single particles when they are accelerated through a nozzle, using two overlapping laser beams. Particles are counted and sized in the range of 0.5 and 20 µm (aerodynamic diameters) in fifty size channels. Fivemin averaged size distributions were continuously taken.
Planetary boundary layer evolution
The mixing properties of the planetary boundary layer defined as "the part of the troposphere that is directly influenced by the presence of the earths surface, and responds to surface forcings with a time scale of about an hour or less" (9) play an important role in determining the atmospheric concentration of pollutants. We could obtain useful information about the dilution potential of the planetary boundary layer, which is not directly measured by any standard meteorological procedure but by monitoring a ground-emitted and chemically stable compound whose emission rate can be considered to be constant in the space and time scales of our observations (10) . The atmospheric concentration of radon and of its short-lived decay products (radon progeny), which are fixed on atmospheric aerosol particles, is governed by the source term and the dilution factor. Radon emanation rate varies from one place to another according to soil composition, moisture content, porosity, and permeability, but the variations can be considered to be negligible in a time scale of some days and a space scale of some kilometers (11, 12) . In case of atmospheric stability conditions, radon accumulates into the lower layers of the atmosphere, and its concentration increases. Coherently, the atmospheric concentrations of pollutants are expected to increase, too. In the case of advection phenomena or convective mixing of the atmosphere, the radon concentration has no possibility to build up, which occurs for the other atmospheric pollutants.
Natural radioactivity was assessed using a FAI planetary boundary layer mixing monitor (Fontenuova, Italy). The instrument samples atmospheric PM on 47-mm membrane filters and by means of a Geiger detector, measures on it β-radioactivity of short-lived decay products of radon with 1-h time resolution. Figure 1 illustrates a typical daytime evolution of the atmospheric boundary layer in Rome. The solar heating causes thermal plumes to rise, transporting moisture, heat, and aerosols. The plumes rise and expand adiabatically until a thermodynamic equilibrium is reached at the top of the planetary boundary layer. Drier air from the free atmosphere penetrates down, replacing rising air parcels. The convective air motions generate intense turbulent mixing. This tends to generate a mixed layer, which has potential temperature and humidity nearly constant with height. In such conditions, radon concentration drops. On the contrary, from sunset to sunrise nocturnal boundary layer is basically characterized by a stable layer, which forms when the solar heating ends and the radiative cooling and surface friction stabilize the lowest part of the planetary boundary layer. Further, Figure 1 shows the trends of PM 2.5 in relationship with planetary boundary layer dynamic, as described by the evolution of natural radioactivity. PM 2.5 concentration ranged from 5 to 23 µg/m 3 with an average level of 14 µg/m 3 . The aerosol PM 2.5 pollution in the period investigated was characterized by periods dominated mainly by local anthropogenic sources (April 22-26 and from May1-11) and by low pressure periods, when surface PM levels were influenced by the advection of air masses transporting aerosol from other areas (April 27-30). Figure 3 shows how aerosol size distribution can change passing from pollution basically deriving from anthropic sources to a situation where aerosol from a natural source is advected. In the first case, (May 4) the number size distribution is basically below 1 µm with a maximum below 0.5 µm, which reflects the origin of the particles that in downtown Rome derive essentially from combustion sources, contributing with carbonaceous particles (13) ammonium sulfate and nitrate. The maximum of aerosol size distribution is shifted to higher aerodynamic diameters, above 1 µm (April 30, Figure 2 ) when the contribution of a natural source is present. As to the origin of this source, some hypotheses can be made due to geographic and meteorological peculiarities of Italy (effects of desert dust and sea salt aerosol) that can be confirmed by the availability timeresolved data of chemical composition. This consideration can be easily seen in Figure 4 (see page 5A) showing how the modulation of anthropogenic pollutants, such as sulfate and ammonium, closely followed the trend of variation of natural radioactivity. Higher levels were measured during high-pressure periods (April 23-28 and May 1-11) and lower values when atmospheric remixing condition favored pollutant dilution and lower levels of natural radioactivity were measured. The same figure shows the evolution of the 0.58-µm aerodynamic size fraction, which is considered as representative of fine mode aerosol (aerosol below 1 µm basically deriving from combustion sources). Its modulation is the same observed for SO 4 2-and NH 4 + , which confirmed such pollutants are mainly present in the fine mode aerosol. As it can be seen in Figure 5 (see page 5A), PM 2.5 Na + , Cl -, and Mg 2 + shows the same trend of variation, suggesting that they derive from the same sources identifiable with sea salt aerosol as also supported by the wind direction (SW, data not shown). Confirming the aerosol size distribution shown in Figure 3 (April 30) 1-and 2.5-µm aerodynamic size fractions strictly follow the same modulation. Figure 6 (see page 5A) describes a particular event occurred on April 27. Although the atmospheric dilution levels were higher on such days as shown by the drop of natural radioactivity (Figure 2) , the PM 2.5 Ca 2 + concentration suddenly increases instead of decreased. Such apparent contradiction can be explained considering that surface levels of aerosol may be influenced by the long range transport of polluted air masses in conditions of increased vertical remixing of lower atmospheric layers. Surface aerosol concentrations increase due to mixing with dust and rich upper atmospheric air layers. In this case, the origin of the dust can be attributed to Saharan dust transport as shown by the DREAM dust loading map (14) .
Results and Discussion
Finally, Table II shows the average values of the various compounds analyzed in the period April-May 2009 as a result of the sampling occurred at the Pilot Station in downtown Rome. As the table shows, the component in ammonium, sulfate, nitrate, and nitrite are more than 50% of the ionic fraction composition of the total PM 2.5 .
Conclusion
The purposes of this preliminary study are different. The first and most important is analytic, i.e., investigating the ionic fraction of PM 2.5 (and gaseous phase after), in order to identify which level is the fraction of each component and the individual contribution to the total mass of particulates. The second purpose is more complex and articulated, and that is for knowledge of the parameters of cations and/or anions with relative temporal trends, which is important information for a more complete understanding of the processes of chemical and physical processing occurring on the surface of the particles themselves, which are dependent on the nature of the substances adsorbed and which give rise to the secondary component of particulate air pollution, one of the main issues currently addressed by scientific research. 
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